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ABSTRAOT

This reporb deals with a study of the omepound 8-330
as an impregnite for permeable protective clothing* Most of
the work reported is based on an aqueous process of impreognation

In comparison with other ohloroamides used as impreg-
nitess the compound 8-330 was found to be quite stable on cloth,
and to cause samewhat less deterioration of cotton fabric* The
excellent retention of aotive chlorine and tensile strength for
8-330 Impregnated fabrics was maintained throughout a wide range
of varifatione in impregnating systems*

Vesicant vapor penetration tests showed that 8-330
was effective against Lewisite whereas other chloroamIdes gave
very little protection. When H vapor penetration tests are
made on cloth samples containing 8-33O, there is y.n initial
period when H vapor penetrr.tes the fabric. This initial laak-
age is particularly pronounced after storage or weathering.
Many variations and procedures were investigated in an attempt
to eliminate the initial unreaotivity of S-330. No suctoessful
procedure was found.

The compound 8-330 is not-recommended as an impregnite
for protective elothing since physiological tests have shown
that it does not give 'dequate protection.

I
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AUTHORIZATION

1. This work was authorized under Project 547/41, I'aintenanoe,
Bureau of Ships," dated 16 December 1940. The problems which
were proposed for study were given in Bureau of Ships letter
8-877-2 (Dz) Serial 811 of 17 December 1940.

STATEMENT OF PROBLEM

2. Thib study was undertaken to determine the suitability of
the compound 8-330 As Pn impregnite for protective clothing.
The present Navy direotive specifies the compound S-148. Pre-
liminary studies showed that S-330 was superior to S-145 in
certain important respects.

YNOWN FACTS BEARING ON THE PROBLEM

3. Prelii'inry work on impregnite 5-330 was reported in a
Memorandum to the Director entitled "The Evaluation of Impregnite
S-330," dated 19 November 1942. The memorandum describes results
obtained with .,330 applied to cloth by the tetrachloroethane
solvent process. Impregnite S-330 appeared to be enough
superior to Impregnite S-145 to warrant exhaustive investigation.

4. Pilot plant production of B-330 at NRL has shown thrt the
compound can be produced in quantity at a cost which compares
favorably with that of S-145.

5B This Laboratory, the NDRC, and the CWf1 have been actively
engaged in developing a protective ointment containing 8-330.
Numerous irritation tests of protective ointments have shown
ithat 8-330 is remarkably non-irritant among ohloroemides.
Furthermore, some indications have been obtained in wearing
trials of protective olothing that 8-330 is superior to other
impregnites from the standpoint of irritation.

THEORETICAL CONSIDERATIONS

6. In order to establish the superiority of one impregnite over
another, the four major factors listed below should be used for
comparisons &

a. Retention of active chlorine by the impregnite
under extrasm oonditione of storage, exposure,
and wear,

bo Tendency to rot cotton fabric under extr'eme
conditions of storage.

CONFIDENTIAL - 1 -



a. Reactivity toward vesicant vapors.

d. Irritancy under extreme conditions of wear.

The memorandum mentioned in paragraph 4, showed 8-330 to be
superior to S-145 in categories (a) and (b). It also showed
that S-330 is unique among impregnites in that it offers pro-
tection against L.

7. The superiority of 5-330 with regard to cloth tendering
and its protection against L hasbeen attributed to the basioity
of 8-330 or 8-330 base. S-330 base (unchlorinated S-330) con-
tains two imino groups which are sufficiently basio to react
with acids and form salts. It is believed that these imino
groups in S-330 itself as well as in 8-330 base can react with
H01 and thus prevent cloth tendering. Furthermore, this ability
to react with H0l would account for the protection afforded by
8-330 against Lewisite vapor.

8. Another advantage possessed by 8-530 over 8-145 is that
S-330 contains more than twice as much active chlorine per unit
weight. This means that the name active chlorine loading can
be obtained on a given area of cloth with about one half the
weight of impregnites conversely, the same loading weight of
impregnite will furnish twice as much active chlorine.

PREVIOUS WORK DONE AT THIS LA1BORATORY

o9 NRL Report No. P-2000 describes in detail the test methods
employed in the evaluation of protective clothing. NRL Report
No. P-2085 describes the aqueous system of applying impregnite
to clothing. A Memorandum to the Director entitled "The

9 Evaluation of Impregnite 8-3301" dated 19 November 1942, describes
results obtained from protective clothing impregnated with 8-330
by the solvent process. The memorandum also describes a labora-
tory method of preparation of 8330.

EXPERIMENTAL PART

A. Stability of S-330

10. Accelerated thermal and hydrolytic stability tests run on
5-330 show it to be supprior to S-146 in this respect. Tables
I and II give the data. It will be noted that these and the
succeeding tables characterize the S-330 with numbers such as
P-2, P-3. and so on. During the early part of this work the
available 9-330 came from NRL's pilot plant which at that time
was experimenting with the manufacture of 3-330 undor various
conditions. The characterizations refer to different batch
numbers.

CONFIDENTIAL - 2 -



Table I

Thermal Stability

% Cl Retained
O000C 709C

Compound 2 days 1 mo. 6 Mo. 2 me* 6 Mo. 8 Mt.

8-330 - 97 13 - 97 -

8-330 * 10% ZnO - 98 0M4 - 97 -

S8,330 + 25% ZnO - 98 0.5 - 98 -

S-330 * 15% Daxad 11 - 98 3.7 - 98

8-145 58 17 - 78 - 66
S-145 + I0% ZnO 0 - - 84 - 68
8,145 + 25% ZnO 0 - - 61 - 0

Table II

Hydrolytic Stability

(0.2 g. ohloroamide, 5 hrs. In 100 ml. boiling water)

Compound Particle Size Added Agents % Cl* ret.

8-330 (P-6) 1-5 microns 75
8-10 67

10-20 77
20-30 77
30-40 71
Ilixture 73
Mioronized 80

8-145 (TCA) 1-3 54
5-10 51

10-15 71
20-30 81
44-53 88
Mixture 85
1.1icronized 40

8-330 (P-2) + 20% Daxad 11 92
+ 3"x 3 "' cloth 41
+ 20% RH-403 81

+ 20% lMethooel 91+ 17% Zn0 57

+ 75% OP in 36.CC 81

Standard emulsion concentrate.

COTFIDEITTIAL - 3 -



I.

B. Formulation

Ila The bulk of the work done on formulation was done with the
8-330 as it came from NRL's pilot plant. This material had a
particle size of 5-40 miorons. MM Reports No p-2055 and P-2124
demonstrated the superiority of small partiale size impregnite
8-145 in most respects. It was reasonable to assume that these
advantages would extend to S-330 if the latter were of small
particle size. Accordingly, a Tuantity of 8-330 was micronized
by the International Pulverizing Corporation and this material
was used in further laboratory and plant impregnation of cloth.
Mioronized 8-330 ranged from 1-5 microns and could be substituted
for unmioronized in any formulation. The standard concentrated
chlorinated paraffin emulsion described in the Navy directive for
aqueous plant impregnation using 8-145 was used throughout in
these formulations. It will be referred to hereafter as 36-C.
Typical formulations which were successfully used for impregnations
are as followe,

(1) Laboratory formulation with Colloid Jill

20# of unmioronized 8-330 (Batch P-7) and l/
of zinc oxide were stirred into 20•k of water
containing 3/4'A Daxad 11. The slurry was
recycled in an Eppenbaoh Colloid Hill until
free from gritty matter. The microscope
showed the powders to be well defloeoulated
with only a few small agglomerates. This
slurry and 22.5,'4 of 36-C were each diluted
with 33,/, of water and then mixed. The mixture
was then flocculated, but two passes through

the mill at clearance zero gave satisfactory
deflocoulaticn This impregnating bath con-
tained 8% S-330. Army HBT suits, reulation
underwear (long), and socks were impregnated
from this bath, wrung out by hand, and tumbler

dried. All had a rood appearance and the
active chlorine contents were as follows:
suits 1.1 mg. cl*/om. 2j underwear 0.81 soaks 0.8.

(2) Laboratory formulation with Gear Pump

A formulation without the use of the colloid
mill and incorporating dye was as follows: 2400 go
of water containing 30 g. TLX-40, 10 go TLX-42

30 g. Daxad 11, 500 go 8-330 (Batch P-7), and
50 go ZnO was recycled through a gear pump until
little or no grit could be felt. At this point
not all the 8-330 was deflooculated. Ten minutes

additional recycling did not improve the slurry,

COnfIDEnTIAL - 4 -



Added 1125 sv 36-C and recycled again for 10
minutes. Diluted to 8% 8-330 and impregnated
several swatches of Arnzen cloth. Although
not all the S-330 had been deflooculated, the
swatches, wrung out by hand, were evenly dyed
with no heavy d Vposits, and the cloth contained
0.9 Mg. C+/..-. .

(3) Portable plant Formulation

A plant run was made with the 8-330 (micronized)
as followes To 90ý, of 36-C were added 36,': of
khaki dye solution (10% dye - 5 parts TLX-41 to
one part TLX-42) and 24# of water oontintng 2
of Daxad 11. Using a "Lightnil," mixer, 40#,
of mioronized S-330 was stirred in. After
stirring for 15 minutes, the 6-330 was well de-
flocculated. 4-' zino oxide was added and stirred
again. The zinc oxide did not defloooulate
readily. The bath was diluted to 64 Gallons
(6.3% 8-330) and used to impregnate five batches
of eleven suits each of Navy Arnzen cloth suits,
50 pair of gloves, and 100 pair of soaks. The
standard prooedure and equipment of the Navy
portable impregnating plant was used. The suits
were not as evenly impregnated as in the regu-
lation B-145 process. This was attributed to
the excessive foam that was encountered in the
impregnation* The excessive foam may be due to
the relatively large amounts of Daxad that are
required to disperse the 8-330. Foam was present
in all formulations tried to date@ The suits
analyzed 0.63 mg. Cl÷/om. with a range of 0.42-
081.

(4) Chlorination on fabric.

There is evidence that the distribution of ohloro-
amide in the cloth has a pronounoed effect on its
behavior in respect to both weathering and re-
activity toward H vapor. It was possible to obtain
a thorough distribution of S-330 throughout the
body of the cloth in Lhe following manner. A strip
of laundered Arnzen cloth was immersed in a water
solution containin& 7% by weight of 8-330 base
hydroehloride and was wrtng out as dry as possible.
Without lettin& the cloth dry completely, it was
suspended in an atmodphere of chlorine gas for 20
minutes. The cloth was then thoroughly rinsed in

COI'IDENTIAL - 5 -



water and allowed to dry. The cloth was satin-
factory in appearance and was soft and pliable.
There was no appreciable dusting off except on
violent beatingf The active chlorine content
Was 1.0 mg./om. . It was found that this figure
could be controlled by varying the concentration
of the original bath. The cloth could then be
treated easily as required, as with an emulsion
of chlorinated paraffin, a slurry of zinc oxide,
or dye, or whatever might be necessary to achieve
"special properties.

Formulations using this technique will be
designated as COFP

C. Evaluation of Impregnated Arnzen Cloth

12. The behavior of 8-330 cloth on weathering was studied in
the same manner as described in Report •o. P-2055 for S-146.
Two accelerated tents were used: Storage at 751C and 75%
relative humidity, and storage at 1100 F and 75% R.H9 Outdoor
weathering was carried out by exposure at Miami# Florida, and
at Washington, D- C. The effect of storage and outdoor
exposure on active chlorine retention and retention of cloth
strength was determined. The resistance of the impregnated
cloth to vesicant vapors Is taken up in a later section.

(1) Comparison of Ohloroamides

13o Table III compares various chloroamides which have been
under consideration from time to time. Arnzen cloth samples
were impregnated from standard aqueous dispersion systems both
with and without stabilizer. The cloths were then subjected
to the storage and exposure tests. 8-330 was generally
superior to the other ohlorounides especially when stabilized
with 10% zinc oxide. For all the ohloroamides, zinc oxide had
a beneficial effect on tensile strength retention, and it
improved the active chlorine retention of 8-330 impreGnated
cloth.

14. Table IV compares cloths cut from suits that vere impregnated
for wearing trials. S-330 here was superior to the other com-
pounds in respect to active chlorine retention.

(2) The Effect of Binder

15. The ratio of binder to ohloroamide was studied in an effort
to determine whether there was an optimum concentration an far
as weathering and storage stabilities were concerned, The binder
used in every case but one was the standard 4V% chlorinated

CONFIDENTIAL - 6 -
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paraffin (CP). In one case a heavy refined mineral oil was
used. The cloths were impregnated with aqueous dispersions
prepared from unmloronized 8-330 as previously described.
The data are given in Table V. No marked differences are
evident among samples containing different amounts of binder@
A similar series carried out with micronized 8-330 showed the
Bsame behavior. The data is shown in Table VI6

Table VI

The Effect of Binder Content on Mioronized 8-330
"(Data given as per' oeht of original Valuea)

Outdoor, Florida
December, 1943 75 0C-75% RH 1100 F-75% RH

Binder Stabilizer Cl* TS 96 hra. 60 da 120 da 120 da
%Up % ZnO lwk2wk 3wk 3wk Cl+ TS.

0 0 86 72 68 100 89 93 79 67 94
25 0 82 67 69 10, 91 93 79 67 86
50 0 87 67 70 96 88 85 76 83 89
75 0 85 67 66 91 86 92 81 66 87

0 10 88 65 71 100 92 99 78 89 100
25 10 84 66 71 100 90 97 75 87 100
50 10 84 73 76 100 93 95 89 91 100
75 10 85 71 72 100 94 96 87 8R 100

(3) The Effect of Daxad 11

18. it has been suggested that Daxad 11 has a stabilizing effect
en B-461 formulations. A series of clothe was prepared to
determine whether the same effect was present with 8-330
formulations. The cloths contained 75% CP binder, no zinc
oxide except as noted, and various percentages of DaXad 11
based on the 8-330 content. Table VII given the results of
exposure and storage testes No evidence appears here to
justify the use of Daxad 11 as a stabilizer for S-330.

(4) The Effect of Muxing Chloreamides

17. A difficulty encountered in using 8-330 as an impregnite
was the loss of efficiency of the compound after weathering.
It was prnpeoed to initiate the reaction between weathered
8-330 and E vapor by the presence of another, more highly
reactive chlorcamide. A series of cloths was prepared oon-
taining mixtures of S-330 with S-461 and S-145. The cloths
were impregnated from Istandard aqueous systems with 75% CP
binder and I0% tino em-d. bAaed nn the chlorORmide content.

CONFIDEnTIAL - 10 -
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The impregnated clothe were subjected to the usual tests to
determine the behavior of such mixtures* Table VIIT gives the
data. The reactivity against H vapor after storage and exposure
is reported in a later section#

18. The presence of S-145 up to 30% seemed not to affect
the stability oharacteristics of S-330, nor did S-461 up to
15%, The mioronlzed S-330 showed little adverse effect due
to the addition of 10% of other ohloroamides.

(5) The Effect of Chloroamide Concentration

19. A test was made to determine what effect the original
loading of chloroamide on the cloth would have on stability.
Cloth samples were impregnated from a standard aqueous system
containing 76% CP binder and 10% zino oxide, based on the S-330
oontent. Table IX shows the effect of loading on stability in
the accelerated storage test*

Table IX

The Effect of Loading on Stability of
8-330 (P-7) Cloths

96 hours at 751C-75% ReoH
Loadin• .LoadIn "

c6a. 2  % Cl* ret. MeCl/ 2  % C* ret.

0.98 100 0.64 94
0.96 97 0.55 93
0.86 98 0.54 91
0.82 93 0,45 89
0.78 101 0944 96
0.75 102 0038 .90
0.65 95 0.34 94

Table X gives the data on a similar loading series prepared
with mioronized 8-330. Uonsideratlon of the data in Tables DX
and X leads to the conclusion that no significant effect ean
be attributed to 8-330 loadinge

COFIDETTIAL - 13 '
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Table X

The Effect of Loading on Stability of Micronized
8-330 Cloths

(Dita iven-as- percent of briginal values)
Outdoor

Flrd.(Do,93 760C-75% RýH. 110OF - 75% R.H.
96 hre. Cl* T S9

fg. Cl*/o. 2  wk 2 wk 3 i'•k I"W Cl* T.S. 80 da 120 da 120 da

0.5 85 69 68 100 87 96 91 86 100
0.7 85 71 73 100 94 96 87 88 100
i'0 87 66 60 100 93 98 78 38 100

(6) he Effect of Stabilizes_

20. Several of the tables above include stabilized formulations
for direct comparison with the unstabilized. In addition a
series of cloth samples was impregnated from a standard aqueous
system entaining 75% CP binder in whioh only the amount of
stabilizer was varied. The data is given in Table XI, There
are no significant differences among different amounts of zinc
oxide. The unstabilized and CaCO3 stabilized cloths show a
poorer chlorine retention than the zinc oxide cloths in the
110F tropical storage. The first 10% does make an important
difference both in active chlorine retention and tensile
strength retention. Table XII gives the data for a similar
series for mieronised 8-330. Here the results are not as clear-
out. due possibly to the superior inherent stability of the
micronized material. However, in this oase also, the presence
of 10% or more of ZaO Improves the chlorine retention. 10%.
CaCO0 stabilizes 8-330 only a little less well than 10%. ZnO in
the outdoor and tropical storage tests.

CONFIDENTIAL - 14 -
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-Table XII

The Effeet of Stabilizer on the Weathering of Ilioronized
SP330 Cloths

(Data given ea per cent of original value retained)

Outdoor, Florida.(Dec., 1943) 96 hr. at 110FP-75% RIf

oil ret. T.s lre ,'. 75*0-76% H C01 Te.S
Stabilizer I wk .3Wk lwk 2w 3wk Cl+ Test 2'mo. 4'mo. 4 mo-

0% ZnO 8s 67 as 100 100 91 88 92 o1 66 87
10% " 71 72 100100 100 94 96 87 89 100

17% " 89 80 68 100 100 100 98 98 92 87 100
25% " 87 86 58 100 100 100 97 97 91 93 100

10% Ca003  86 81 67 100 98 100 93 95 91 74 96

(7) The Eifeot of Dyes

21. There is. evidence that ultraviolet radiation acceleratev
the rate of decomposition of ohloroamides. However, the pignents
used in the standard imprognation formulation apparently slow
down the deoemposition of 8-330 on outdoor weathering. This is
shmwn in Table XIII where, both with and without stabilizer, the
presence of dye improved the chlorine retention. The effect is
not apparent in the acoelerated tests where there is no sunlightoc

C0ONIDENTIAL - 16
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(8) Behavior of COP Cloths an W.eathering.

22. A series of clothe prepared by the chlorination on fabrie
technique was weathered in the usual manner to determine the
behavior of this type of cloth. Table XIV gives the data.
From outdoor weathering it appears that COT olothe deteriorate
a little more rapidly than cloths prepared with micronized 8-330,
but a little loss rapidly than S-145 oloths.

(9) Behavior of Mioronized 8-330 Cloths on Laundering.

23. Table XV gives data on the laundering of S-330 cloths. The
data leads to the following conclusions.

(a) The presence of binder inoreases the laundering
rosistance of S-330 cloths considerably. How-
eter, the quantity of binder from 25% to 75%
appears to make no difference.

(b) 8-330 is superior to S-461 in respect to
laundering resistance under the same conditions,
and is equal to S-145

(a) The loading makes no di.fference on laundering
in the range of 0.5-1.0 mC. Cl+/o=.

(d) The presence or absence of ZnO does not
affect the laundering resistance to any marked
degree.

(e) The presence of 10% 8-461 or 10% 8-145 does
not affect the laundering resistance of 8-330.

(f) The laundering resistance of COF formulations
is comparable to micronized 8.330 formulations.

1
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T.able XV

The Laundering Resistanoe of ,ieronised
8-330 in Various Formulations

dove
% C1 retained 0.5*% Ivory

Stabilizer 9oFoa.- 0.069 .Naooo-ol NR soap
Compound % CP % ZnO Other I wash 2 wash 3 wash 4 wash 5 wash

S-330 0 0 57 46 43 36 16
25 0 93 88 86 84 57
50 0 89 83 86 85 s0
76 0 89 83 85 81 48

B-330 0 10 56 44 34 32 15
25 10 78 68 68 70 39
60 10 86 87 87 85 64
75 10 84 78 75 77 45

Low Loading
8-330 75 10 90 80 76 73 38

High Loading
8-330 75 10 86 78 76 75 34

6-330 76 17 92 89 82 82 51
75 25 94 92 85 88 62
75 10 CaC03 94 91 88 88 61
75 10 10 -461 85 78 75 79 52
76 10 10 8-146 89 87 85 85 60

225 76 58 Daxad. 96 96 92 93 69
226 60 14 Daxad 94 89 83 92 40

COP
(s8330) 0 0 88 72 so 45 -

25 0 94 78 68 53 -
75 0 98 93 85 89 -
75 10 96 92 79 77

8-461 225 75 60 Daxad 55 45 37 28 0
226 60 16 Daxad

+ *nAo2  40 24 8 4 0

85145 75 10 80 72 74 75 43

CONFIDENTIAL - 20 -



rUiI

D. Vesicant Penetration Tests

(1) Comparison of Chloroamides

24% Results of vesicant raper tests of oloth *mpreonated with 8.330

oy the tetraehloreethane solvent process are described in
memorandum to the Directors "The Evaluation of Impregnite S-330,"
dated 19 November 1942. The data obtained in these tests are
reproduced in Tables XVI and XVII.

Table XVI

Vesicant Vapor Penetration Tests on Unweathered Samples

Protective Time (Min.) by % C1÷ Remaining

japregnite Agent 0.1 mg. C01/em. 2 001 mG. S-Cmpd./om. 2  After Test

8-145 (OPU) H 40.7 5.9 2.3
8-145 (TCA) H 33S.8 4.9 9.6
S-328 E 22.5 7.4 50.1
8-330 H 50.6 17.0 0.6
8-481 H 54.0 24.8 12.5

8-145 (DMU) L <3.0 <0.4 1.8
8-328 L < 2.5 0.8-
8-330 L 11.4 3.8 13.6
8-145 (DFU) + L 6.2 0.9 17.5
25% ZnO

Table XVII

Vapor Penetration Tests on Samples after Exposure
to 75'C and 75% R.H. for 96 hrs.

Protective Time (Min.) by S% 014÷ Remaining

Impreognite Agent 0.1 mg. c/om.2  o.l mgo. S-Cmpd./m*.2  . Ater Test

8-145 (DFU) H 38.6 5.6 2.3
S-145 (TCA,) H 30.4 4.4 8.1
8-328 H 3.5 1.1 78.l
B-330 H 52.7 17.4 0.0
S-461 H 53.2 24.5 9.0

It was concluded from the results of these tests that, per unit
weight of active chlorine, 8-330 has about the same protective
eapacity toward H vapor as 8-461 and greater capacity than 8-145
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and S-328. It was also shown that -8330 Eives somo protection
against L vapor, whereas other ohloroamides do not.

25. Since the above data were reported, it has become evident
as the result of gas chamber tests with human subjects that the
magnitude of vesicant vapor leakage through the impregnated
clothing is of greater physiological significance thant the over-
all protective capacity. In this respect S-330 is markedly
inferior to S-145 and 8-461, especially after weathering or
storage.•

26a In chemical penetration tests used in this Investigation,
the rate of leakage of vesicant vapor is determined by the time
required for an indicator bubbler to be discharged. Since each
bubbler detects a given amount of vesucant vapor (0.2 mg. of H),
short bubblor times indicate a high leakage whereas long bubbler
times indicate a low rate of leakage. In particular, a high
initial leakage of vesicant vapor is indicated when the first
one or two bubblers are discharged in a short time compared to
succeeding bubblers. This is illustrated in Table XVIII which
shows the discharre times for five successive bubblers

Table XVIII

Initial Vapor Leakage in Penetration Tests

Vie ather ing
or Bubbler Times (Minutes)

Impregnite Storage Lig. 01/cm. 2  1 2 3 4 5

S-145 None 0.358 67.4 39.7 32.0 18.2 lO.0
S-328 " 0.564 78.8 69.1 35.5 22.3 17.4
S-330 i0t474 20.7 96.3 74.6 37.2 20.5
8-461 " 0,506 113.0 68.4 43.2 21.7 18.1

8-146 76e0075% R.H. 0.326 52.6 50.4 17.4 8.9 7.7
8-328 t 0.354 12.1 10.1 8.4 8.7 8.6
8-330 " 0.57 24.1 33.3 N8.9 182.5 21.3
8-461 0.412 55.5 92.8 45.1 27.2 19.5

27% The high initial leakage of the S-330 impregnatod cloth us
compared to 8-145 and S-461 is shown by the low first bubbler
times. The above data also show the lack of capacity and extremely
high leakage chara cteristic of 8-328 impregnations after weathering.

These effects are more clearly demonstrated by a graphical presen-
tation of the data in Plates 1 and 2. The curves in these plates
show the concentration of H in the effluent air stream during the
course of the penetration test.
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28. It has been found thtt aqueous impregnations of B-330 show
the same characteristios as solvent impregnations with roeard
to leakage and capacity. A oompi~rison with 6-145 impregnated
by the aqueous process is given in Table XIX. In this table the
capacity is expreseed in terms of protective time (mine) affordeo
by 0.1 mg. 01/em. and the initial reactivity or leakage is
shown by the time required for the first 0.2 mg. H vapor to
penetrate the cloth (lot Bubbler Time)*

Table XIX

H Vapor Penetration Tests on Samples Impregnated
from Aqueous Suspensions

Capaoity Initial Reactivity
Impregnite Weathering or Storage Min./O91  m _ Clf/OM. lot Bubbler Time (Min.).

8-145 None 76%6 133
8-330 None 69.7 22

8-145 7500 - 75% R.Ev (98hre.) 50.5 112
8-330 4 60.7 22

8-145 Tropical (I mo.) 71.2 140
8-330 63.6 115

8-145 Outdoor, Plorida (3 wks) 39.9 100
8-330 57.6 19

29. The data in the above table show that in protective capacity
B-330 compares very favorably with 8-145 when impregnated from an
aqueous suspension, but that the Initial reactivity is much less.
It will be shown later that this initial leakage of H vapor is
highly significant physiologioaliy and represents a most important
criterion In the evaluation of 8.330 for use in protective clothing.

(2) The Effect of Binder Concentration.

304 To dotermine if the concentration of chlorinated paraffin
binder present on cloth impregnated with S-330 had any significant
etf'eot on the H vapor penetration properties of the cloth, samples
with varying binder ocn,entrations were subjected to standard
penetration tests. The results obtained in these tests are given
in Table XX.
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Table XX

Effeot of Binder Concentrations on H Vapor penetration
Samples Impregnated from Aqueous Suspensions

Initial Reaotivity
Binder Capacity let Bubbler Time
% CP* Weathering or Storage Min./O.1 Mg. c1+/om.2  (min.)

0 None 51.6 10
25 12.1 13
50 s 87.9 22
75 24.2 16

0 75Oý-75% R.H. (96 hr.) 36.4 7
25 it 63.6 11
50 " 57o5 14
75 " 3.0 14

0 Tropical (1 moe) 69.7 8
25 " 45.5 10
50 89.3 15
75 53.0 17

0 Outdoor (3 wks.) 60.6 11
25 at"NRL 45.5 14
50 it 57.6 16
75 " 25.8 19

% CP is expressed on the basis of the
8-330 content.

31. The above data show that the concentration of chlorinated
paraffin has no effect upon either the leakage or capacity of
the impregnated fabrics. In all oases the initial leakage was
high and the capacities were extremely variable.

(3) The Effect of Daxad 11.

32. Although the presence of Daxad showed no stabilizing effect
on S-330 impregnations, the series of samples containing various
oonoentrations of this agent was tested for H vapor penetration
to determine If any improvement in proteotion was imparted*
Table XXI shows the results of these tests.
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Table XXI

Effect of Daxad 11 Conoentration on H Vapor Penetration
Samples Impregnated from Aqueous Suspension

Cones of Initial Reaotivity
Daxad 11 Oapa ity 3st Bubbler Time

(% of 8.330) Weathering or Storage Miln./O.1 m.C/. 2  (ie

O None 75.8 41
5 H 63.6 44

10 " 69.7 35
16 " 9.1 35
20 " 81.8 53
0 75OC-75% R.H, (96 hres.) 94,0 21
5 it 133.0 28

10 " 124.1 28
15 64.6 34
20 166.6 30

0 Tropical (I ma.) 64.6 20
5 " 45.5 21

10 69.7 27
15 98.6 15
20 30.8 13

0 Outdoor (3 wka.) in
Florida 60.6 23

5 " 42.5 16
10 " 39.4 17
1 "66.6 18
20 3643 18

33. It may be seen from the dr.ta in the foregoing table that
the presence of Daxad 11 has no effect upon the penetration
oharactoristios of 8-330 impregnations.

(4) The Effect of Mixing Chloroamides

34a Since the high initial leakage of 8-330 impregnatod olothing
represents the most sorious disadvantage of this type of clothing,
an attempt was made to reduce this leakage by combining S-330 with
other, more reaotive ohloroamides. A series of samples was im-
pregnated with mixtures of 8-330 with 8-145 and with 8-461, and H
vapor penetration tests were made. The data are given in Table
MX9II
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Table XXII

Effeoz of yixing Ohloroamide. with S-330 on H Vapor Penetration
Samples Impregnated fron Aqueous Suspensions

Weathering Initial Reaotivity
a-Compound % of Added or Capaoity 2 lat Bubbler Time

Added s.Comound. Storae Min,/0.1 Mg. 0lI/om." (min.)

S-145 10 None 63.2 73
20 101.0 94
30 " 89.7 118

8-461 6 I 68.3 61
10 91.2 82
1i 66.8 60
33 of 127.0 213
50 63.0 78
67 If64.8 263

6-145 10 750 C-75% RH
(96 hr..) 65.7 22

20 " 99.0 25
30 it 84.9 28

S•461 5 " 79.3 21
10 of 64o6 16
15 " 94.0 26
33 " 30.9 29
50 " 37.3 28
67 - --

8-145 10 Tropisal (.
ma.) -- 19

20 -- 24
30 -- 20

8-461 5 -- 22
10 -- 17

-- 21I ~33
' 50 to..

67 to

8-14*5 10 outdoor (3 wks.)
at O DRL 5521 2220 " 53.1 30

30 If 8609 27
S-461 5 it 32,6 27

10 it 52.6 24
15 it 74*6 23
33 it 58 .1 17
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35. Pixing more reactive ohloroamides with 8-330 resulted in
a marked deorease in initial leakage of freshly impregnated
samples. However, after weathering or storage as indicated,
the leakage was as great as in the ease of cloth impregnated
with 8-330 alone. The ratio of oonoentretions of the ohloro-
amides did not appear to be of any significance,

(5) The Effect of~ Impregnite Concentration

36. To determine if an extreme variation in impregnite conoentration
had any effect upon initial leakage of vesicant vapor through
8-330 Impregnated fabrios, a series of samples with a range of
S-330 contents was subjected to H vapor penetration tests$ both
before and after accelerated storage* The data given in Table
XXIII were obtained.

Table XXIII

Effect of Imprognite Concentration on H Vapor Penetration
6-330 Impregnated from Aqueous Suspensions

Cono. of C1l
(mg./cm. 2 ) Initial Reactivity (lot Bubbler-Mmn.)

After 96 hr.
g at 75 0C-75% R.H. Original Ater 96 hro. at 7500-75% R.H.,

0.52 0.45 25 23
0.60 0.52 28 21
0.98 0.91 23 23

37. It was concluded from the above data that the imprsgnite
concentration has no effect upon the magnitude of the initial
leakage of H vapor through 8-330 impregnated olothinge

(6) The Effect of Stabilizers

38. It has been shown previously (NM Report No. P-2055) that
the protective capaoity of 8-145 is lowered slightly in the
presence of ZnO as stabilizer, the decrease being loss pro-
nounced in the nase of writer dispersion impregnations than in
the case of solvent imprognttions. No difference war observed
between 10% and 25% ZnO for either solvent or water impregnations.

39. The effect of ZnO and GaC0 3 on 8-330 impregnations was
evaluated by H vapor penetration tests on P. series of cloth
sample. Impregnated with 8-330 by the water dispersion process
and oontaining varied concentrations of ZnO or CaOQ3 * The
results of these tests are presented In Table XXIV.
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Table 0.IV

Effect of Stabilizers on H vapor Penetration
8tamples Impregnated from Aqueoue Suspensions

Cone. of Weathering Initial Reactivity
8tabilizer oi Capaoity 2 lot Bubbler Time

Stabilifer (% of 8-330) Storage Min./ol mg.c /aM, (min.)

None -- None 63.3 52
ZnO 10 i 40.9 s0"I 15 i 37.9 23

" 20 " 60.6 31
" 25 " 57.6 25

CaCO3  10 i 48.5 29" 325 I 6697 23

Nono -- 75OC-75% RH
(96 hr.) 87.9 23

ZnO 10 " 63.6 26
" 15 " 91.0 22
" 20 i 44.0 22
"It 25 1 100.0 27

CKC03  10 " 7 6 48  21
I 25 81.8 18

None -- Tropioal
(I moe) -- 22

ZnO 10 16"I 1 " -- 20

"20 -- 21
"25 -- 23

CaCO3  10 -- 15
"It 25 -- 16

None - Outdoor (3
wke.) 3.0 19

ZnO 10 at NRL 3.0 i1
HB It -- a

"20 3 .60 18
"25 i 3.0 18

CACO3 10 27.3 17
"25 6.1 17

40, The nbovo dpta indioate thnt no signifioent change in either
initi~l rep.otivity or oapaoity Is produced by the proeonoo of ZnO
or CftC03* It is interesting to note thlt in this particular
cories both officionoy and oapaoity of all samples wore greatly
lowered by outdoor weathering.

CONFIDENTIAL - 28 -



T'!L

(7) The Effect of Dyes

41. No evidence has over been obtained that Rny of the dyes
used in 8-145 impregnated protective clothing have had any
effect upon the vesicant resistance properties of the clothing.
That this is also true of 8-530 impregnations was ohqwn by a
series of penetrAtion tosts, the results of which m.pe piven in
Table XXV.

Table XXV

Effect of Dyes on H Vapor Penetration

Initial Reactivity
Capacity lit Bubbler Time

Dy Waatherikaý or Storago Min#/0.l1 me. 0"/on.~2  (mn.

None None 69.7 22
Blue " 85.0 35
Khaki 66.7 46

None 750 0-75% R.H. (96 hrs.) 60.7 22
Blue 78.8 23
Khaki 48.5 19

None Tropical (1 moo) 63.6 15
Blue " 34.9 16
Khaki " 63.7 24

None Outdoor (3 wks.) in 57.6 19
Blue Florida 6746 26
Khaki 6 63.7 20

(8) The Effeet of Particle Size

42. It has previously been shown (NRL Report No. P-2055) that
partiloe size Is a determining factor in the protective oapacity
of 8-145 impregnated fabrios, a drop in capacity occurring if the
partiele size exceeds 15 miorons. To evaluate this effect for
8-330 impregnations a series of samples impregnated from a water
system with 8-330 which had been earefully fractionated into
particle size ranges was subjected to H penetration tests. The
resulto of these tests are shown in Table XXVII
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Table XXVI

Effect of Particle Size on K Vapor Penetration

Initial Reaotivity
Particle Size capaoity 2 lIt Bubbler Time

( iaron). Weathering or Storage Mins/0d 0 . cME am.• . (min. ,

1-5 None 87.9 33
5-10 " 51.6 42

10-20 t "63.6 53
20.30 t 60.6 77
30-40 " 51.5 75
Mixed 1 94.0 25

Iq.6 7600-75% R.H. (96 hras) 78.8 27
...5-10 i 80.4 27
10-20 " 98.°5 37
20-30 " 74.3 30
30-40 42A.4 22
Mixed " 43.9 20

1-5 Tropical (1 moo) -- 21
5-10 -- 24

10-20 I- 26
20-30 -- 24
20-40 -- 24
rixed -- 22

1-5 Outdoor (3 wka.) 106.1 27
5-10 at "NL 103.0 20

10.20 94.0 20
20-30 63.6 23
30-40 72.7 30
Mixed "o...

43a The data in Table WXVI do not indicate any significant
difforences as regards partiole size of the 8.330. The initial
leakage in all eases is highq particularly after the weathering
and storage treatments,

(9) The Effect of Chlorination on Fabrie

44e A number of samples of cloth prepared by the "ohlorination
on fabrio" technique previously described wore evaluated for
initial leakage of H vapor, both before and after weathering
and storage tests. It was hoped that this means of impregnation,
which produces a more thorough distribution of impregnite through-
out the body of the cloth, would reduce the high initial leakage
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characteristic of standard methods of impregnation. The data

in Table XXVII are representative of that obtained in testing
these samples*

Table XXVII

Effect of Chlorination on Fabrie on H Vapor Penetration

Initial Reactivity
Capacity lot Bubbler Time

Binder Stabilizer Weathering or Storage Mne/O*. Zge Ol*/em02 (mint)

None None None 6.06 195

25% OF " " 86.8 253

50% OF " " 90.9 327

75% OP " " 57.6 252

75% OF 10% ZnO " 54,5 199

None None 75 0 0-75% R,.H (96 hrs.) 3.0 17
25% Op it 3.0 14

50% OP " " 3.0 22

75% P "Is 3.0 24

75% OP 10% ZnO " -

None None Tropioal (I me) 15
25% OP 1 "- 19

50% Op " - 16

75% OF " "If 16

75% OF 10% ZnO I 23

None None Outdoor (3 wks) 81.1 87

25% Op " at NRL 93.9 215

50% OP " " 63U6 178
75% oP " I 60.6 159
75% CP 10% ZnO " I 54.5 140

45. It is evident as a result of this data that the "Chlorination
on fabric" technique results in a very satisfactory low

initial leakage on exposure of freshly impregnated fabrics to
H vapor. Samples after 3 weeks outdoor weathering also exhibited

low initial leakage and normal capacity. However, both tropical

storage and aooelerated storage (7oO0-75% R.He) resulted in a
lowered oapacity and R high initial leakage.

(10) The Effect of Laundering

468 Since the "chlorination on fabric" method of imprognation

resulted in a marked improvement of the protective ohciraeteristio

of all samples exciept those exposed to tropioal and accelerated
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storago, a test was made to determine if laundering of these
latter samples would result in improved leakage oharacteristios.
The results obtained are given in Table XXVITIs

Table XXVIII

Effect of Laundering on H Vapor Perne-ation
Samples prepared by Chlorination on Fabric

Initial Reactivity
lit Bubbler Time

Binder Stabilizer Vloathoring or Storage (,min.)_._ ,

None None Fresh Samples 75
25% OP (Laundered) 215
50% OFP " 176
75% CP 159
76% OP 10% Zno 140

None None 760C.75% R.H. (96 hr.,) 10
25% CP i (Semplos Laundered) 20
50%.cP " " 16
75% OP it 27,
75% OP 10% Zno i 17

47, No beneficial offoet was produced by laundering* The
laundered froshly impregnated samples had a low initial leakage
butx the laundered aceelerated storage samples permitted a high
initial leakage.

(11) The Effect of Aoid Rinsing.

48. It was believed that the inoroased initial leakage of
"ohlerintion. on fabrie"' samples after tropical or accelerated
storage might be caused by a covering of the S-330 particles
with an inert coating of S-330 base resultine from decomposition
of some 8-330 during the storage. If such were the case, it
was considered theorotioally possible to remove this uoating
by rinsing the cloth in a dilute solution of HOI and thus
restore tts original good proteetivt charaoteristics.

49, AcoordLingly the samples described in Section (9) which
showed high leakage after accelerated storage wore rinsed
first in dilute HOC and then in water. After drying,
penetration tests were made and the following data obtained*
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Table XXIX

Effeot of Acid Rinsing on H Vapor Penetration
Chlorination on Fabric Samples Subjected to Aeosee'rated Storage

Initial Reactivity (let Bu•bbler Time-.Min.

After 96 hr. at After 96 hw, at 75 0%-75% RoH.
Binder Stabilizer 7500 - 75%. ,RH. and Diluta 0CI Rinse

None None 17 14
25% CP 14 20
50% CP 22 15
75% CP 24 35

50. The data in the above table show that an ao:1d rinse did
not restore the original effectiveness of the "o|hlorinat5on on
fabrie"t type impregnations.

(12) summzary

519 As a result of the vesicant vapor penebrati on tests described
in this section, the following general eonolusiom may be mader

(a) Clothing impregnated with S-330 br- either the
tetrachloroethane solvent process or the aqueous
suspension process shows adequate capaeity toward
H vapor penetration but permits a high initial
leakage of vapor both in the ease of freshly Im-
pregnated seap&ee and samples subjvotod to ageoler-
ated or tropioal storage and outdoor weathering*

(b) Clothing impregnated with 8-330 by- the "chlorination
en fabric" process shows adequate protective
capacity and does not permit a high initial
leakage of vapor in the ease of frieshly impreg-
nated samploe or mamplus subjeote+& to outdoor
weathering. However, such samplem subjected to
trepioal or accelerated storage de permit a high
initial leaka&: of vapor.

(a) Laundoring or acid rinsing of "tohlorination on
fabrio" samples aftor trepioal or aooeleratod
storage does not restore the origLnal low initial
leakage chexaoteristics of the olmth.

(d) Binder conoentration, the presence of Daymd 11,
impregnite eoncentrr.tion or partimlo sizo, the
presence of ZnO or CaCO3 - or the presenee of dyes

On not affect the vapor resistanec properties of
S-330 impregnated fabrios.
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(e) J(ixing S-330 with other more reaotive ohloroamides
(S-145 or B-461) results in an improvement in the
magnitude of initial leakage of H vapor through
freshly impregnated clothing but still allows a
high initial leakage after tropioal or accelerated
storage and outdoor weathering.

Be Lhysiologioal Evaluation of 8-330

52. To determine the physiological significance of the high
initial leakage shown by S-330 impregna.ted clothing in chemical
penetration tests, a series of "arm-ohamber" tests was made in
the arm-ohambor. The design and operation of this ohemberare
described in NRL Report No* P-2219, "Chamber Tests with Human
Subjects, Part III, Design, Operation and Calibration of a Chamber
for Exposing Forearms to H Vapor." Three types of clothing were
tested in this seriesj

(a) Btandaed 8-145 aqueous process impregnated
clothing, freshly prepared.

(b) 9-330 aqueous process impregne.ted clothing,
freshly propared.

(a) S-330 aqueous proocss impregnated clothing,
stored at 75BCw75% R*Ho for 96 hours.

563 The clothing oonsisted of full-length Arnhon cloth sleeves.
These sleeves were worn by the subjoots underneath a standard
S"146 impregnated protective jumper* In dressing the subjects,
standard wool, impregnated gloves were pulled over the sleeve
to be tested, rolled back to the wrist and taped. The sleeves
of the jumper wore rolled back and taped so that a 3" strip of
th. sleeve to be tested was loft uncovered.

54. The arms of the subjects dressed as described wore exposed
to H vapor in the .rm chamber undor the following conditionst

Temperature and humidity: 90OF - 65% RMHe
Concentration of H vapor: 20 V- H/l
Time of ExposurQ I 1 hour
CT (mg. mine/mn.) 1200
Number of exposures I 1

55. The clothing was worn for 4 hours after the exposure,p.nd
readings were taken at 24 and 48 hours.

58. The results of this test are presented in the following
tables
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Table XXX

Physiological Evaluation of 8-330

Reaction
Type of Cloth No, of Arms 24 hours 48 hours

Prosh B-145 3 E---

0 .

Fresh S-330 3 E- B-

E- E-

8-330 after 98 hrs.
at 75O0-75% R. H. 3 E E+

E E+
E- E+

Legends 0 m No roaotion E w Moderate erythema
E-7 nTrace E+ a papular erythemK
E- a Mild orythoma V a Vesiole

57. The data in the above table show quite oloarly thPt the
8=330 improegnations are physiologioally inferior to the 8-145
impregnation. The aged 6-330 clothing was much loss effioi.ent
than the freshly imprognated clothe

58. That the phyaielogioAl difforcneos of the three -yped of
olothing is a function or the degree of initial leakage an
observed inttho ohomioal penetration tests is Indloated by a
oomparison of the data obtained in penetration tests of samples
from the same sleeves tested in the ohamber. The data are
given in Table XXXI,

Table XXXI

H Vapor penetratitn Tests on $leaves Used in Arm Chamber

Initial Reactivity
Type of Cloth lit Bubbler (in.e)

Fresh 8-145 130

Fresh 8-330 34

S-330 after 96 hours 16
at 750c-75% R.i.
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59. As a result of the above tests, initial leakage as indicated
by the ohemical penetration test appears to be physiologically
significant, and the high initial leakage of S-330 impregnated
olothing represents a serious consideration in the use of this
compound for protective clothing.
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8MARY AND CONCLUSIONS

Is The compound B-330 has been investigated as an impregnite
for permeable protective eibthing. The use of S-330 in formu-
lation of aqueous impregnating systems has been studied in the
laboratory and in a portable impregnating plant. The results
showed that 6-330 could be satisfactorily formulated and was
in this respect comparable to the present impregnite 8-145.

2. A novel method of applying impregnite to cloth has been
developed which utilizes the solubility of unohlorinated 8-330
in dilute acid. Application of a water solution of 8-330 base
to cloth followed by exposure to chlorine gas results In an
impregnated fabric which is soft, pliable, and does not dust.

3. Cloth samples were impregnated with several different
ohloroamides and compared as to retention of active chlorine
and tensile strength upon storage and weathering. The compound
6-330 was superior or equal in stability to 8-145, 8-328, S-461,
and 8-222.

4, Several series of impregnations were carried out in which
the different components of the impregnating bath were used
in various amounts. Active chlorine and tensile strength
retention were not greatly affected for 5-330 impregnated cloths
when any of the following components were varieds the binders
chlorinated paraffinj the stabilizers# ZnO or CaCO ; the
dispersing agents Daxad ll or the water dispersible dyes.
Addition of other ehloroamides had very little effect of
stability on 8-330 impregnated cloth samples, 6-330 impregnated
fabrics prepared by the chlorination on fabric procedure were
less stable on outdoor exposure than normal samples.

B. A comparison of the laundering resistance of various 6-330
impregnated fabrics revealed that lack of R binder results in
poor resistance to laundering.

6. A comprehensive series of vesicant vapor penetrPtion tests
have been carried 'cut .-6n-'84W-jrEgnxted cloth 4wples. - The
capacity of 8-330 on fabric for destroying mustard gas is
excellent in comparison with the ohloroamide 6-146. However,
there are marked differences in Initial leakage of H vapors
8-330 cloth samples, especially a4ter storage or outdoor exposure,
show a high initial leakage of H whereas S-145 cloths show very
little initial leakage.

7. Variations in the amount of binder, stabilizer, Daxad 11.
dyesand in impregnite particle sise on 8-330 cloth samples were
investigated from t;he uiandpoiht of H pnatiraLiah. Nu Sighfloaht
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effects were found inasmuch as P.1l uemples still exhibited
a high initial leakage espeeirlly after storage or weathering.

8. Addition of other more reaotive ohloronmides to 8-330
in an effort to minimize initial H leakage resulted in an
improvement for unased cloth suaples. After stor.are or
weathering, however, the cloth samples impregnated writh mixed
ohloroamides exhibited the high initial leakage oharacteristic
of 8-330*

9. Very low initial leakage of H vapor was found for cloth
samples prepared by the chlorination on fabrio technique. No
increase in initipl. leakage ooocrred after outdoor weathering.
However, tropioal storage P.nd accelerated storage tests
resulted in high initial leakage*

10o Jaundering or aoid-trining of aged samplea of cloth
Impregnated with 8-330 failed to improve the high initial
leakage characteristios of 8-330a

Il. The physiologice.l signifioanne of the high initial
leakage observed in ohemior.l penetra.tion tests was determined
in P. series of "Arm-chamber" tests. Subjects wearing 8-330
Impregnated sleeves which hP.d been aged for 96 hours at 75 0 C-
76% R.H. exhibited severe erytheman after one exposure to H
v.por P.t P. CT of 1200.

12. Consideration of all the deta leads to the oonclueion that
S-330 is Pn excellent compound from the standpoint of stability
upon stor•g• or weav'herin& but cannot be considered as an im-
pregnite beoause of its failure to prevent le.kage of I1 vapor
through olothing Impregnated by methods now known.
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RECOWNDATION8

1, It is reommended that 8-330 not be used as an impregnite

for permeable protective clothing because of leakage of H vwpor

through such impregnated clothing@

2. it is recommended that further investigation be me.de in

an effort to improve the proteotivo value of 8-330 because

of its otherwise outstanding properties in regard to stability,

non-irritanoy, protection against Lewisiteb and laok of

degrading aotion on cotton fabric.
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